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Energy Futures May Be Determined 
By Two Sustainability Goals

No Imported Crude Oil        No Climate Change
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Athabasca Glacier, Jasper National Park, Alberta, Canada
Photo provided by the National Snow and Ice 
Data Center



Oil is the Energy Challenge
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Oil: Largest Source of Energy
World Cost: $ 3-4 Trillion/year



Conversion of crude oil, 
shale oil, coal, and 
biomass to liquid fuels is 
energy intensive
HTRs can provide the 
high-temperature heat

Centralized steady-state 
heat source required
Replace burning of fossil 
fuels or biomass
Reduce greenhouse gas 
releases

Use of High-Temperature Reactors 
(HTRs) for  Liquid Fuels Production
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Conversion of Fossil Fuels to 
Liquid Fuels Requires Energy

SUV (Car) greenhouse Impacts from per mile (Below horizontal bar) 
and from the fuel production cycle (Above horizontal bar)
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Traditional Refineries

Existing High-Temperature Heat Market



Refineries Consume ~7% of the 
Total U.S. Energy Demand

Thermal 
Cracker

Light Oil 
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Petrocoke
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Cool

Condense 
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Cool

Distillation 
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Resid
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Traditional Refining

Energy inputs
Heat to 550°C
Some hydrogen

HTRs could replace 
natural gas and 
crude oil
Market size equals 
existing nuclear 
enterprise
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Underground Refining

New Technology to Increase 
U.S. Oil Production



Underground Refining (Production) 
Could Make the U.S. Oil Sufficient
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Confining Strata

Heavy Oil
Tar Sands
Shale Oil

Coal

Heat 
Wave Light Oil

In-Situ Refining

Heater
Well

Production
Well

Sequestered 
Carbon

Method to obtain oil from 
U.S. resources

Oil shale
Depleted oil fields
Heavy oil deposits

Heat fossil deposits
Thermally crack organics 
into light oil and carbon 
residue
Recover light crude oil
Carbon residue sequestered 
underground as carbon



Underground Refining Requires Massive 
Quantities of High-Temperature Heat
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High-Temperature Reactor Provides 600-700°C Heat
Avoids Burning a Third of the Fossil-Fuel Product to Recover the Oil



Biomass to Liquid Fuels

Boost Liquid Fuels per Ton of Biomass

Existing and Future Application



Conversion of Biomass to Liquid 
Fuels Requires Energy
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Logging ResiduesAgricultural Residues

Urban Residues

Biomass:  Worldwide Resources 
Measured in Billions of  Tons per Year

Without Significantly Impacting Food, Fiber, and Timber
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Algae and Kelp (Ocean)



External Heat and Hydrogen Increases 
Liquid Fuel Per Unit of Biomass
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Energy Value of 1.3 Billion Tons/year of U.S. Renewable Biomass 
Measured in Equivalent Barrels of Diesel Fuel per Day

U.S. Transport
Fuel Demand
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Nuclear Heat Maximizes Liquid Fuels 
Production Per Ton of Biomass
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Algae

Biomass is the 
limiting resource
Nuclear heat replaces  
biomass for process 
heat in the liquid-fuels 
production plant
Maximize liquid fuels 
per ton of biomass



Energy for transport is the grand challenge.
World security risk
High costs (~$3 trillion/year)
Greenhouse impacts

Conversion of any feed stock (crude oil, oil 
shale, biomass, etc.) to a liquid fuel (gasoline, 
diesel, ethanol) is energy intensive
Most liquid fuels processes require high-
temperature heat; thus incentives for HTRs

Conclusions
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Questions?
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High-Temperature Reactors for Liquid Fuels Production
Charles Forsberg

Historically, nuclear power has been used to generate electricity. That may change. The worldwide cost of oil is three 
to four trillion dollars per year—in addition to the risks associated with dependence on foreign oil and concerns about 
climate change.  In addition to crude oil, liquid transport fuels can be produced from many other feedstocks such as 
biomass, heavy oil, shale oil, and coal. However, the processes for converting these feedstocks into liquid fuels require 
massive quantities of energy. Low-carbon nuclear power can provide that energy and thus maximize the liquid fuels 
production per unit of biomass or fossil fuel while minimizing greenhouse gas releases. In most cases, high-
temperature heat is required; thus, the incentives for development of high-temperature reactors (HTRs). 

Simultaneously, the use of HTRs may enable underground refining where heat is used insitu to convert heavy oil, oil 
sands, shale oil, and soft coal into a high-grade light crude oil and a carbon residue. This would dramatically increase 
worldwide resources of “recoverable” oil. The process is similar to the thermal cracking of heavy oils in refineries. 
However, in refineries the carbon residue is petrocoke that is burnt as fuel. Underground refining results in in-situ 
carbon sequestration of this residue in the form of carbon and significantly lower greenhouse impacts from liquid-fuels 
production. 
The potential for nuclear-biomass fuels is equally large. This potential can be shown by example. The U.S. could 

produce ~1.3 billion tons of renewable biomass per year. The energy value of that biomass is equivalent to burning 
~10 million barrels of diesel fuel per day. If that biomass is converted into ethanol and biomass is used to provide the 
energy for the conversion process, the energy value of the fuel ethanol is equal to ~5 million barrels of oil per day. 
However, if low-carbon nuclear energy is used to provide energy to biomass conversion plants, all the biomass can be 
converted into hydrocarbon liquid fuels and the equivalent of ~12 million barrels of diesel fuel could be produced per 
day. 
The ultimate potential for biofuels may be much larger. Corn yields have increased by a factor of 10 over 80 years 

and the same may occur for fuel crops such as sawgrass on lands unsuitable for crops. Simultaneously, biomass forms 
such as algae have the potential for biomass yields an order of magnitude greater per unit area of land than traditional 
sources of biomass. However, all biomass forms have high water contents and thus require significant heat for 
processing—something that nuclear energy can provide.
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The U.S. Has the Largest Fossil Resources 
Potentially Suitable for Underground Refining  

Could Exceed All Petroleum Already Consumed

Primary candidates for in-situ 
refining

Shale oil (Very large 
resource)
Depleted oil fields (Remaining 
oil in place)
Heavy oil

Secondary candidates for in-
situ refining

Tar sands (small U.S. 
resource)
Coal (Limited information, 
only some coals are 
candidates)

In all cases in-situ viability is 
dependent upon local 
geology—only some sites 
suitable

Coal Resources -5,986 
(EIA)

Petroleum Reserves - 22 (EIA)
Petroleum Already Consumed - 197  (EIA)

Heavy Oil - 100 (NETL)
Tar Sand - 54 (DOE)

Remaining Original Oil in 
Place - 307 (DOE/NETL)
      -CO2 EOR Target- 89

(DOE/FE)

Coal Already Consumed - 249 
(www.cslforum.org/usa)

Oil Shale 
Resources - 
2,118 (USGS)

U.S. Solid and Liquid Fuels Resources 
(Total endowment 9,033 billion bbls oil equivalent*)

Units are in billion bbl-oil-equivalent coal - 
10K BTU/lb; oil - 6M BTU/bbl *not including energy losses in transformation to liquid fuel
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Cellulosic Liquid-Fuel Yields Increase Per 
Unit Biomass If Use Nuclear Heat and H2

Biomass
(1.3 billion tons/year)

Cellulose
(65-85% Biomass)

Lignin
(15-35% Biomass)

Gasoline/
Diesel

Ethanol

Steam

Ethanol Plant Steam Plant Lignin Plant Nuclear Reactor Ethanol Plant

Hydrogen
(small

quantities)

Heat

Steam

Biomass
Nuclear
Biomass

50% Increase Liquid Fuel/Unit Biomass

Electricity

Ethanol

Nuclear Option Requires Development of Lignin to Liquid Fuel Conversion 
Process to Beneficially Use All the Lignin
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